In this paper, we construct a new phenomenological isospin dependent global neutron-nucleus optical model potential. Based on the existing experimental data of elastic scattering angular distributions for neutron as projectile, we obtain a set of the isospin dependent global neutronnucleus optical model potential parameters, which can basically reproduce the experimental data for target nuclei from 24 Mg to 242 Pu with the energy region up to 200 MeV.
I. INTRODUCTION
The optical model(OM) is of fundamental importance on many aspects of nuclear physics [1] . It is the basis and starting point for many nuclear model calculations and also is one of the most important theoretical approaches in nuclear data evaluations and analyses. The optical model potential (OMP) parameters are the key to reproduce the experimental data, such as reaction cross sections, elastic scattering angle distributions, and so on.
Over the past years, a number of excellent local and global optical potentials for nucleons have been proposed [2] [3] [4] . Koning and Delarche [2] constructed a set of global phenomenological nucleon-nucleus optical model potential parameters (KD OMP), which can perfectly reproduce the experimental data for the region of targets from 24 Mg to 209 Bi with the incident energy from 1 keV to 200 MeV; Weppner et al [5] obtained a set of isospin dependent global nucleon-nucleus optical model potential parameters (WP OMP) with target nuclei region from carbon to nickel and the projectile energy from 30 to 160 MeV; Han et al [6] also obtained a new set of global phenomenological optical model potential parameters for nucleon-actinide reactions with energies up to 300 MeV. In the nucleon optical model potential, the isospin degree of freedom may play an important role to more accurately describe the experimental data [7] [8] . Information on the isospin dependence of the nucleon optical model potential has been shown to be very useful to understand the nuclear symmetry energy [9] [10] [11] [12] which encodes the energy related to the neutron-proton asymmetry in the equation of state of isospin asymmetric nuclear matter and is a key quantity for many issues in nuclear physics and astrophysics (See, e.g., Ref. [13] ). On the other hand, to study the systematics of neutron scattering cross sections on various nuclei for neutron energies up to several hundred MeV is a very interesting and important topic due to the concept of an accelerator driven subcritical (ADS) system in which neutrons are produced by bombarding a heavy element target with a high energy proton beam of typically above 1.0 GeV with a current of 10 mA and the ADS system serves a dual purpose of energy multiplication and waste incineration (See, e.g., Ref. [14] ). Therefore, to construct a more accurate neutron-nucleus optical model potential is of crucial importance. The motivation of the present paper is to construct a new isospin dependent neutron-nucleus optical model potential, which can reproduce the experimental data for a wider range of target nucleus than the formers.
This paper is arranged as follows. In Sec. II, we provide a description of the optical model and the form of the isospin dependent neutron-nucleus optical potential. Section III presents the results, and section IV is devoted to the discussion. Finally, a summary is given in Sec. V.
II. OPTICAL MODEL AND THE FORM OF THE ISOSPIN DEPENDENT NEUTRON-NUCLEUS OPTICAL POTENTIAL
The phenomenological OMP for neutron-nucleus reaction V (r, E) is usually defined as follows:
where V v and V so are the depth of real part of central potential and spin-orbit potential, respectively; W v , W s and W so are the depth of imaginary part of volume absorption potential, surface absorption potential and spin-orbit potential, respectively. The f i (i = v, s, so) are the standard Wood-Saxon shape form factors.
In this work, according to Lane Model [7] , we add the isospin dependent terms in the V v , W v and W s , which can be parameterized as:
The shape form factors f i can be expressed as
where
with i = r, v, s, so
In above equations, A = Z + N with Z and N being the number of protons and neutrons of the target nucleus, respectively; E is the incident neutron energy in the laboratory frame;
π is the Compton wave length of pion, and usually we use λ
APMN [15] is a code to automatically search for a set of optical potential parameters with smallest χ 2 in E ≤ 300 MeV energy region by means of the improved steepest descent algorithm [16] , which is suitable for non-fissile medium-heavy nuclei with the light projectiles, such as neutron, proton, deuteron, triton, 3 He, and α. The optical potential in APMN [15] has been modified based on the standard BG form [3] , i.e. Woods-Saxon form for the real part potential V v and the imaginary part potential of volume absorption W v ; derivative Woods-Saxon form for the imaginary part potential of surface absorption W s ; and Thomas form for the spin-orbital coupling potential V so and W so . It should be noted that all the radius and diffusiveness parameters in the standard BG optical potential form are constant, not varying with the mass of target nuclei. In the present work, they are modified as functions of the mass of target nuclei according to our former work [17] . We modify the APMN code according to the the present form of the isospin dependent global neutronnucleus optical model potential and thus totally 32 adjustable parameters are involved in the code APMN [15] .
In the code APMN [15] , the compound nucleus elastic scattering is calculated with the Hauser-Feshbach statistic theory with Lane-Lynn width fluctuation correction [18] (WHF), which is designed for medium-heavy target nuclei. For these nuclei, the spaces between levels are usually small, the concepts of continuous levels and level density can be properly used for description of higher levels, say, their excited energies are higher than the combined energy of the emitting particle in compound nucleus. In the code APMN, the Hauser-Feshbach theory supposed that after the compound nucleus emits one of the six particles-n, p, d, t, α and 3 He, or a γ photon, all discrete levels of the residual nucleus de-excite only through emission of γ photons, not permitting emission of any particles. For medium-heavy target nuclei, when the incident energy increase to about 5-7 MeV, the cross sections of the compound nucleus elastic scattering usually will drop to very small values in comparison with the shape elastic scattering; so there is no need for considering pre-equilibrium particle emission.
III.
RESULTS
Our theoretical calculation is carried out within the non-relativistic frame and the relativistic kinetics corrections have been neglected because they are usually very small when the projectile energy E ≤ 200 MeV (See, e.g., Ref. [19] ). In the present work, we choose the existing experimental data of neutron elastic scattering angular distributions with the incident energy region from 0.134 to 225 MeV for the 45 target nuclei shown in Table I as the data base, for searching for global neutron optical potential parameters. These data shown in Table I have been also used in the work of Koning and Delarche [2] . In this work, all of experimental data used are taken from EXFOR (web address: http://www.nndc.bnl.gov/).
As for the data error, we take the values given in EXFOR if they are available (we note here that more than 90% data considered in the present work have data error in EXFOR); in the case that the data errors are not provided in EXFOR, we take them as 10% of the corresponding experimental data, which roughly corresponds to the mean value of the available experimental data error.
We use the global neutron optical model potential parameters of Becchetti and Greenless [3] as starting point. The value of zero has been used as the initial values for the parameters that we add newly in the code APMN.
Through the calculation of APMN code, we obtain a new set of isospin dependent global neutron-nucleus optical model potential parameters which can be expressed as following:
V so = 8.797 (MeV), W so = 0.019 (MeV) (15) where the unit of the incident neutron energy E is MeV.
With above optical model potential parameters, we calculate the angular distributions of elastic scattering for many nuclei with neutron as projectile. Some of the calculated results and experimental data of elastic scattering angular distributions are shown in Fig. 1 to Fig.   12 where the corresponding results from KD OMP are also included for comparison.
IV. DISCUSSION
The χ 2 represents the deviation of the calculated values from the experimental data, and in this work it is defined as follows:
with
where χ 2 n is for a single nucleus, and n is the nucleus sequence number. χ 2 is the average values of the N nuclei with N denoting the numbers of nuclei included in global parameters search and its value is 45 in the present work. σ th el (i, j) and σ exp el (i, j) are the theoretical and experimental differential cross sections at the j-th angle with the i-th incidence energy, respectively. ∆σ exp el (i, j) is the corresponding experimental data error. N n,i is the number of angles for the n-th nucleus and the i-th incidence energy. N n,el is the number of incident energy points of elastic scattering angular distribution for the n-th nucleus.
Through minimizing the average χ 2 value for the 45 nuclei in Table I with the modified code APMN, we find an optimal set of global neutron potential parameters, which are given in Eqs. (8)− (15) . With the obtained parameters above, we get the average value of χ 2 = 32.27
for the 45 nuclei. Using the parameters of Koning and Delaroche [2] , we obtain the average value of χ 2 = 30.11 for the same 45 nuclei. Therefore, our parameter set has almost the same good global quality as that of Koning and Delaroche for the global neutron potential.
We use the optical model potential parameters of ours and Koning et al to calculate the χ 2 n of a single nucleus for the 45 nuclei in Table I . In addition, in order to see the predictive power, we also calculate the χ 2 n for other 58 nuclei listed Table II where the incident energy region and references are also given. The calculated results for all the 103 nuclei in Table I and Table II are shown in Table III range from 24 Mg to 209 Bi, except for some energy points of few nuclei.
From Fig. 1 including those for which the experimental data are unavailable so far.
In the present work, polarization of the projectile is not considered. The polarized neutron beams may play a very important role in nuclear reaction and nuclear structure studies as well as many fundamental issues of particle physics. We plan to investigate the effect of neutron polarization in a future work. 
